Introduction
Pemphigus vulgaris (PV) is a rare and life-threatening disease belonging to the pemphigus group of autoimmune intra-epidermal bullous diseases. Pathophysiologically, the underlying intraepithelial blister formation is caused by immunoglobulin G (IgG) autoantibodies against the desmosomal adhesion proteins (mainly desmoglein [Dsg] 3, but also Dsg1) found on epidermal keratinocytes, thus resulting in acantholysis. PV is clinically characterized by widespread flaccid blisters and erosions of the skin and mucous membranes. 1 The severity of PV refers to its progressive course, which is often accompanied by a high catabolic state with loss of body fluids and proteins as well as by secondary bacterial and viral infections that may lead to septicemia. 2 Before the advent of systemic corticosteroids, the prognosis of pemphigus was almost fatal within the 2 years following initial presentation. 2 The rapid tapering of corticosteroids after achieving control of the disease, as well as the introduction of novel immunosuppressants with less long-term adverse events, have decreased both morbidity and mortality of pemphigus patients in the past few decades. 3 With proper treatment, the 1-year mortality rate of PV has been drastically reduced, but still stands at approximately 5%, with most deaths occurring due to secondary effects of immunosuppressive agents rather than as a result of the disease itself or disease sequelae.
For decades, systemic corticosteroids have been used as the cornerstone of management for PV. The advent of systemic corticosteroids in the 1950s led to a dramatic reduction in mortality from 75% to 30% among patients with pemphigus. 5 The efficacy of corticosteroids is well established. Control of disease activity is usually achieved within several weeks, whereas complete remission on minimal treatment (#10 mg/day predniso(lo)ne) requires months; however, complete remission off treatment may require several months or even years of therapy. 9 
Recommendation in Pv
The guidelines of the EDF and BAD define systemic corticosteroids as the first-line treatment of PV, recommending initial treatment with predniso(lo)ne at a dose of 0.5-1.5 mg/kg/ day (EDF) and 1.0 mg/kg/day (BAD). 2, 8 If control of the disease is not achieved within 1-2 weeks, higher predniso(lo)ne doses (up to 2 mg/kg) may be administered. Progressive reduction of oral corticosteroid treatment should be commenced as soon as disease control is reached. Stepped tapering of predniso(lo)ne by a 25% reduction biweekly (or over a more extended time period if ,20 mg/day) is recommended. If the reappearance of .3 lesions occurs during tapering of oral corticosteroid therapy, the recommendation is to readminister the last dose. At relapse, oral corticosteroid therapy should be increased until two steps back in the previous dose until control of the lesions is achieved, within 2 weeks. 2 However, the optimal dose has not been thoroughly validated by RCTs.
Systemic corticosteroids can be combined with an immunosuppressive agent, particularly when complications due to prolonged use (.4 months), such as hypertension, diabetes mellitus, and osteoporosis, are expected. 2 In cases where doses of predniso(lo)ne exceeding 100 mg/day are required, pulse treatment with either oral or intravenous steroids may be considered. 10 The aim of high-dose pulse therapy is to reduce the duration, cumulative dose, and iatrogenic effects of corticosteroids. 11 However, the benefit of oral corticosteroid pulses on top of conventional first-line treatment with oral predniso(lo)ne and immunosuppressive adjuvants is debatable. 2, 12, 13 The main drawback of this treatment remains its substantial adverse effects due to the prolonged course and the high dosages required to induce remission (discussed in greater detail further). These multiple adverse effects may even contribute to poor prognostic outcomes and death. 14 As these side effects correlate with the dose and duration of therapy, previous studies have attempted to identify the minimum dose required to induce and maintain remission. 15 
Mechanism of action
Corticosteroids function through interaction with the cytoplasmic corticosteroid receptor, resulting in upregulation of the expression of anti-inflammatory proteins and downregulation of the expression of pro-inflammatory proteins. The unbound corticosteroid enters cells and exerts its effects by binding to a cytoplasmic corticosteroid receptor, which leads to their translocation into the nucleus and the formation of a dimer that binds to corticosteroid response elements in the promoter region of certain genes. Approximately 10-100 genes in each cell are regulated directly by corticosteroids. Furthermore, the corticosteroid receptor inhibits transcription factors that have a dominant role in the inflammatory response as well as their co-activator molecules, such as cAMP response element binding protein, nuclear factor-κB (NF-κB), and activator protein 1 (AP-1). [16] [17] [18] In B-cell-mediated diseases such as pemphigus, the therapeutic effect of corticosteroids may be mediated via downregulation of interleukin (IL)-2, which results in a reduction in both B-cell clone expansion and autoantibody synthesis. Moreover, the decrease in IL-2 suppresses cellmediated immunity and reduces T-cell proliferation. 19 The influence of corticosteroids on these multiple signal transduction pathways results in the anti-inflammatory, 
759
Treatment options in pemphigus vulgaris immunosuppressive, antiproliferative, and vasoconstrictive effects attributed to these compounds. 20 
Adverse events
Long-term systemic corticosteroid therapy at supraphysiologic doses is associated with an increased incidence of serious adverse events (summarized in Table 1 ).
Level of evidence
An RCT involving 22 patients with PV who were followed for 5 years did not detect any significant differences in terms of the duration of remissions and relapse rates in patients allocated to treatment with either low-dose oral prednisolone (45-60 mg/day) or high-dose oral prednisolone (120-180 mg/day) at the onset of PV.
21 Table 1 Adverse events of systemic corticosteroids divided by body systems
System Remarks
Musculoskeletal Osteoporosis Occurs in 30%-50% of all patients undergoing chronic treatment. 138 A rapid decline in bone mineral density arises within the first 3 months of treatment, with a peak rate of loss at 6 months. 139 Postmenopausal Caucasian women are at highest risk for complications such as fractures, as they have the lowest bone mass before treatment initiation. 140 
Avascular bone necrosis
Uncommon but serious complication. Mainly affects the proximal femur, although the distal femur or humeral head may also be involved. Most patients have been treated for at least 6-12 months, corresponding to the time required to induce changes in bone marrow fat deposition. 141 Proximal myopathy Uncommon. Most often affecting the lower extremities. it typically begins many weeks to months following therapy initiation, usually in patients treated with .40 mg/day of predniso(lo)ne.
142
Growth retardation A major concern in pediatric patients.
143
Ophthalmologic Posterior subcapsular cataract The main ophthalmic concern in chronic corticosteroid therapy. This adverse effect can be observed in patients receiving as little as 10 mg/day of prednisone for 1 year.
140
Others: glaucoma, infections, hemorrhage, and exophthalmos
Other uncommon ophthalmologic complications. Ophthalmologic examinations are recommended every 6-12 months for patients on long-term systemic corticosteroid therapy.
144

Metabolic
140
Hyperglycemia elevation of preexisting or subclinical glucose intolerance frequently occurs under treatment. New-onset diabetes mellitus usually occurs only with high-dose therapy. Most patients will return to their prior glucose status within few months of corticosteroid therapy discontinuation. Hyperlipidemia Hypertriglyceridemia is most frequently observed. elevations of high-or low-density lipoproteins may also occur. weight gain with central redistribution Leading to the classic "buffalo hump" and "moon face" habitus.
Cardiovascular
Hypertension
May occur in 20% of patients. More frequent in patients with preexisting hypertension or decreased renal function, in the elderly, and when high mineralocorticoid activity-corticosteroids are used. 145 Atherosclerosis Accelerated atherosclerosis occasionally develops in association with long-term systemic corticosteroid therapy. 140 Others Thromboembolic complications and atrioventricular conduction disturbances have also been reported under long-term corticosteroid treatment.
140
Gastrointestinal
Peptic ulcer disease (PUD) increased incidence in patients treated concomitantly with NSAiDs or aspirin. 146 As corticosteroids may mask symptoms of inflammation and inhibit wound healing, PUD is more susceptible to complications of hemorrhage or perforation. The administration with food and concomitant use of H2 receptor antagonists or proton pump inhibitors in higher-risk individuals, decreases the likelihood of PUD. 140 Nausea, vomiting, and gastroesophageal reflux
The risk for these events may be diminished by the administration with food and/or taking acid-suppressing medications. 140 
Candidal esophagitis
Requires oral antifungal treatment. 140 Fatty liver and pancreatitis Associated with glucocorticoid-induced hypertriglyceridemia.
140
Infections increased overall susceptibility to many bacterial, viral, fungal, and parasitic infections 140 • Fever and signs of inflammation may be attenuated in patients receiving corticosteroids, impeding early recognition of infectious diseases.
• Reactivation of tuberculosis is a concern in patients receiving chronic corticosteroid therapy. Screening is advocated prior to treatment initiation.
• An increased risk of Pneumocystis jiroveci pneumonia (Pneumocystis carinii pneumonia [PCP]) mainly in patients on high doses for .1 month and in those with additional causes for immunodeficiency. A recent study observed low incidence of PCP among patients with autoimmune bullous diseases that does not require prophylaxis. 
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Two RCTs investigated the role of intravenous corticosteroid pulses in addition to oral predniso(lo)ne. In the first trial, one group received monotherapy with oral prednisone in an initial dose of 125 mg/day, whereas the other group was treated with three weekly pulses of intravenous betamethasone (20 mg/day for 4 days) in combination with oral prednisone (50 mg/day) during intervals. The pulse protocol was significantly superior in both, time to resolution of clinical manifestations, including oral lesions, and in safety profile. 22 In the second trial, no statistical difference was observed between the addition of oral dexamethasone pulses (300 mg/day for three consecutive days) or placebo to the regimen of oral prednisolone (initially 80 mg/day, tapered over 19 weeks) in combination with azathioprine (3 mg/kg/day) in the following outcome measures: remission, death, relapse, and withdrawal rates. Moreover, the pulse treatment group experienced increased adverse events, with weight gain being the most commonly reported side effect. 12 In summary, there is no evidence that pulsed corticosteroids are superior to conventional oral corticosteroids for maintenance of most cases of PV. However, short-term pulsed corticosteroids could be considered in recalcitrant PV to induce remission, especially if there has been no response to oral high doses. 8 
Adjuvant therapies
Immunosuppressive adjuvants can be administered in combination with systemic corticosteroids. According to the EDF guidelines, the combination of predniso(lo)ne with azathioprine or mycophenolate mofetil (MMF) is considered as second-line treatment, whereas the combination of predniso(lo)ne with rituximab, intravenous immunoglobulin (IVIg), immunoadsorption, cyclophosphamide, dapsone, or methotrexate is considered as third-line treatment in PV. 2 The BAD guidelines advocate the use of azathioprine, MMF, and rituximab as first-line adjuvant therapies. If one of these agents fails to retain remission, switching to alternate firstline adjuvant agent is recommended as a second-line therapy. 
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The administration of cyclophosphamide, IVIg, immunoadsorption, methotrexate, and plasmapheresis is recommended to be preserved as a third-line therapy. 8 These adjuvant agents are commonly used in combination with corticosteroids, particularly in recalcitrant diseases, in cases of increased risk of corticosteroid therapy, when complications due to prolonged use of corticosteroid (.4 months) occur, or in dose dependency above the minimal therapy (.10 mg/day of predniso(lo)ne). 2 However, there is only minimal evidence that the addition of adjuvants is superior to treatment with corticosteroids alone. Based on the current literature, adjuvants have only a steroid-sparing effect (allowing for reduced corticosteroid-related side effects) and may lead to steroid-free remission. 2, 7, [23] [24] [25] [26] [27] A recent meta-analysis of clinical outcomes of RCTs investigating the efficacy of adjuvant therapy with azathioprine, MMF, cyclophosphamide, cyclosporine, IVIg, plasmapheresis, and infliximab in patients with PV concluded that adjuvants were not beneficial for achieving remission, but were found to collectively decrease the risk of relapse by 29% as compared to prednisolone monotherapy. 28 In case of relapse in patients treated with oral corticosteroid monotherapy, the EDF guidelines recommend adding an adjuvant agent. If oral corticosteroids are already combined with an immunosuppressant during relapse, a change in first-line immunosuppressant or the use of a second-line immunosuppressant (eg, immunoadsorption, IVIg, or rituximab) may be discussed. 2 
Azathioprine
Mechanism of action
Azathioprine is a prodrug that converts non-enzymatically to 6-mercaptopurine after oral administration. This drug antagonizes purine metabolism and blocks the synthesis of DNA, RNA, and proteins. It may also impede cellular metabolism and inhibit mitosis. In addition to its effects on nucleic acid synthesis, azathioprine exerts its immunosuppressive effects in additional ways. It reversibly depletes the number of monocytes and Langerhans cells, reduces γ-globulin synthesis and T-cell lymphocyte function, affects the function of suppressor B cells, and may hinder the responses of B cells that depend on helper T cells. [29] [30] [31] [32] 6-mercaptopurine can be inactivated to 6-methylmercaptopurine by the thiopurine methyltransferase (TPMT) enzyme. The activity of TPMT is determined genetically; approximately 10% of the population has a heterozygote genotype with intermediate enzymatic activity, and nearly 1 in 300 patients is either homozygous for mutant alleles or is a compound heterozygote with low enzymatic activity. 33, 34 
Recommendations in Pv
Azathioprine is one of the main adjuvants used in the treatment of PV and is recommended as a first-line adjuvant immunosuppressant, according to both the EDF and BAD guidelines. 2, 8 The dose of azathioprine is determined according to the activity of the TPMT enzyme involved in the metabolism of the drug. The measurement of TPMT activity before the initiation of azathioprine therapy is a promising approach for predicting both, possible toxicity and suboptimal doses of the drug. 35 In patients with normal TPMT enzymatic activity, 2.0-2.5 mg/kg/day of azathioprine is usually administered, whereas 1 mg/kg/day is recommended for patients with intermediate or reduced TPMT activity. This drug should be avoided in patients without TPMT activity. 36 A dosage of 50 mg/day should be initially started, and if no idiosyncratic reactions occur, the dose can be increased after 1 week to the optimal dose based on TPMT activity.
Adverse events
The safety profile of azathioprine is unfavorable, causing adverse reactions in 15%-30% of patients. Severe side effects include hematologic disturbances and myelosuppression (leukopenia, thrombocytopenia, anemia, and pancytopenia). 31, 37 Approximately 50% of myelosuppressive episodes occurring within the first 6 months of azathioprine therapy are attributable to low or intermediate TPMT enzymatic activity. Determining the TPMT enzymatic activity phenotype before commencing azathioprine has the potential to reduce myelosuppression by 25%-50%. 31, 34 However, some patients experience myelosuppression despite normal TPMT activity and, thus, all patients undergoing treatment with azathioprine need routine complete blood count monitoring throughout the treatment period. 30, 31 Besides genetic polymorphisms of TPMT, concurrent therapy with TPMT-inhibiting drugs, such as allopurinol or sulfasalazine, can also increase the risk of myelotoxicity. 30 An abrupt increase in serum transaminase levels observed soon after administration of azathioprine is a clue for deficient TPMT activity.
Other severe adverse events are hepatotoxicity, pancreatitis, and arthralgia. Furthermore, long-term immunosuppression increases the risk of infections and neoplasia. Azathioprine is characterized by a mutagenic potential that 
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Kridin leads to possible hematologic malignancies. 38, 39 Gastrointestinal symptoms (nausea, vomiting, anorexia, diarrhea, aphthous stomatitis), skin disorders (alopecia, maculopapular rash), and other rare adverse reactions may be observed.
Due to evidence of teratogenic risk, azathioprine use in pregnancy is not recommended; the same recommendation applies for breastfeeding because minimal concentrations of azathioprine and its metabolites have been found in breast milk. 29, 40 Level of evidence Adjuvant azathioprine (2.5 mg/kg daily) with prednisolone was compared to prednisolone alone, adjuvant intravenous cyclophosphamide pulse therapy, and MMF in a fourregimen RCT involving 120 participants. This trial demonstrated that adjuvant azathioprine has a higher steroidsparing effect (measured by cumulative corticosteroid dose) as compared to prednisolone alone and prednisolone with MMF. 27 An RCT by Chams-Davatchi et al 23 compared adjuvant azathioprine (2.5 mg/kg daily) to prednisolone alone in 56 participants. Over the study's 1-year period of follow-up, azathioprine's steroid-sparing effect was significant in the last trimester, but inconclusive in the first 9 months of treatment. Similarly, the activity of PV was comparable in the adjuvant-azathioprine and prednisolone-alone groups in the first 9 months after the initiation of therapy, but then, it was significantly lower in the azathioprine arm in months 10-12 following diagnosis.
A nonrandomized study compared high-dose oral prednisone daily (1.5 mg/kg/day) versus low-dose oral prednisone (40 mg/day) on alternate days plus azathioprine (100 mg/day) every day in 36 patients with PV. Both treatments resulted in high rates of clinical remission; however, the mean time to induction of remission was shorter in the monotherapy group and showed an increased rate of treatment-associated adverse events. 41 In summary, despite the paucity of highquality prospective RCTs, evidence exists to suggest that azathioprine has a superior corticosteroid-sparing effect relative to predniso(lo)ne monotherapy and MMF. 8 
Advantages and disadvantages
Azathioprine's main advantages are its effective steroidsparing effect and accessibility. Its main disadvantages are its adverse effects, which include increased risk of nausea, vomiting, myelosuppression, hepatitis, and pancreatitis, as well as the need for regular monitoring and its contraindication in pregnancy.
Mycophenolate mofetil Mechanism of action
MMF is rapidly absorbed following oral administration and is then hydrolyzed to its active metabolite mycophenolic acid (MPA). The latter impairs the immune response via selectively inhibiting inosine monophosphate dehydrogenase, with resultant inhibition of the de novo pathway of purine synthesis in T and B cells. In contrast to most other cells, lymphocytes rely on the de novo pathway, more than the salvage pathway, for purine biosynthesis. As MPA specifically inhibits the de novo pathway, lymphocytes are the primary target of MPA action in vivo. This minimizes undesirable effects on other cell types and accounts for the favorable safety profile, as compared to other less selective adjuvant immunosuppressants, such as azathioprine. This mechanism results in the inhibition of lymphocyte proliferation and can cause suppression of both cellular and humoral immunity. 35, 42, 43 Recommendation in Pv MMF is a safe steroid-sparing agent that is recommended as a first-line adjuvant immunosuppressant, based on both the EDF and BAD guidelines. 2, 8 It is typically prescribed in divided doses amounting to a total dose of 2-3 g/day, with reduced dosages in patients with renal impairment. 44, 45 Therapy should be started at a low dose of 500 mg daily and increased by 500 mg as tolerated until the desired final dose is reached. An eventual dose of 2 g/day is recommended for better gastrointestinal tolerance. 2, 35 Improvement is usually observed within 2 months of initiation. 45 The relatively high cost and lack of availability as compared to other immunosuppressive agents limit the use of this agent.
Adverse events
MMF is generally well tolerated, and serious adverse events are rarely observed. The adverse events are predominantly gastrointestinal and include diarrhea, nausea, vomiting, and abdominal discomfort. These symptoms are dose dependent and can be attenuated by dose modification, gradual dosage increments, or ingesting the tablet along with food. 45 Less frequent adverse effects include esophagitis, gastritis, genitourinary symptoms, hematologic abnormalities (,5% of patients), 45 and opportunistic infections due to immunosuppression, including invasive cytomegalovirus infection. 31, 46 The intravenous administration of MMF is commonly complicated by superficial thrombophlebitis and thrombosis. 31 Malignancies did not develop during the follow-up period among pemphigus patients who underwent MMF therapy; 
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Treatment options in pemphigus vulgaris however, studies of transplant recipients on MMF have shown that it may increase the risk of some cancers, such as lymphomas and skin cancers. 31, 35 The use of MMF during pregnancy is associated with increased risk of spontaneous abortion and congenital malformations. 40 
Level of evidence
In an RCT, MMF (2 or 3 g/day) plus oral prednisone was compared with placebo plus prednisone in 96 patients with mild or moderate PV. Adjuvant MMF was not found to be superior to prednisone plus placebo in inducing disease control. However, the MMF group responded faster, reached a sustained response sooner, and showed a longer duration to relapse. The cumulative dose of prednisone was lower in the MMF arm, suggesting a significant steroid-sparing effect. 25 In a prospective RCT including 40 patients with pemphigus (of whom 33 had PV), treatment with oral methylprednisolone plus adjuvant azathioprine was compared to oral methylprednisolone plus MMF. No significant differences in cumulative corticosteroid dose, efficacy, or adverse events were observed between the two immunosuppressive agents. 24 The four-regimen RCT of Chams-Davatchi et al 27 did not demonstrate any significant difference in efficacy or safety between treatment with prednisolone plus MMF (2 g/day), prednisolone as monotherapy, or prednisolone in combination with azathioprine and cyclophosphamide. In terms of its steroid-sparing effect, MMF was superior when compared to prednisolone alone, inferior when compared to azathioprine, and showed non-conclusive results when compared to cyclophosphamide.
In regard to the optimal dose in PV, Beissert et al's 25 study of 96 participants showed that the effect of a low to standard dose (2 g daily) versus a high dose (3 g daily) of MMF was inconclusive.
Advantages and disadvantages
MMF's main advantages are its hepatic and renal safety as well as its effective steroid-sparing properties. Its main disadvantages include the need for ongoing monitoring and cost.
Rituximab Mechanism of action
Rituximab is a monoclonal humanized antibody directed against the B-cell-specific cell surface antigen CD20. Rituximab binds to CD20-expressing B lymphocytes, which include the immature B cells in bone marrow, autoantigen-activated follicular B cells, autoantigen-activated marginal zone B cells, and memory B cells. B stem cells and plasma cells are not targeted. After the binding of rituximab to its cell-surface receptor, CD20-positive B cells are killed by a combination of antibody-dependent cellular cytotoxicity, complementdependent cytotoxicity, and apoptosis, and remain absent from the circulation for 6-12 months. The removal of mature CD20-positive B lymphocytes committed to differentiate into autoantibody-producing plasma cells is considered the major effect of rituximab and makes its use particularly attractive in autoimmune diseases wherein pathogenically relevant autoantibodies are present such as in pemphigus. Furthermore, rituximab achieves favorable effects in autoimmune diseases mediated by T cells, such as rheumatoid arthritis. This suggests additional mechanisms of action unrelated to plasma cell function, including autoantigen processing and presentation, help for autoreactive T cells, and production of T-cell-modulating cytokines. 31 Because there is a close interaction between B and T cells, selective B-cell depletion indirectly results in a reduction of a subset of T lymphocytes. 48, 49 Though autoantibody titers are expected to decline with clinical improvement, 48 a clinical response to treatment is not always closely reflected by changes in autoantibody titers; 50 in some cases, patients who had entered a remission of their mucosal lesions continued to have high titers of anti-Dsg3 antibodies. 50 Nonetheless, changes in anti-Dsg1 antibody levels are closely well correlated with the evolution of skin lesions, both in pemphigus foliaceus (PF) patients and in PV patients with mucosal and skin involvement. 51 
Recommendation in Pv
Rituximab is indicated for patients who remain dependent on .10 mg prednisolone in combination with an immunosuppressive adjuvant, according to the EDF guidelines. 2 More recently, the BAD guidelines advocated the employment of rituximab as a first-line therapy following the landmark study of Joly et al. 8, 52 Administration of rituximab based on the literature is either an intravenous 1,000 mg every 2 weeks or 375 mg/m 2 each week for 4 consecutive weeks, following treatment regimens used in rheumatoid arthritis and lymphoma, respectively. The same dosage can be readministered in the case of clinical relapse. 10 The majority of patients generally respond within the first 3 months following the initiation of rituximab; however, late responses (after almost 1 year) have also been anecdotally reported. 31 
Adverse events
Mild to moderate infusion-related reactions such as fever and chills/rigors may appear in most patients during the first 
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Kridin rituximab infusion. Other frequent infusion-related symptoms include nausea, pruritus, angioedema, hypotension, bronchospasm, throat irritation, rhinitis, urticaria, vomiting, myalgia, headache, dizziness, and hypertension. In most cases, these reactions manifest 30-120 minutes subsequent to the beginning of the first infusion and usually subside with the slowing or interrupting of the rituximab infusion as well as with symptomatic treatment. A premedication with paracetamol and prednisone may reduce the probability of infusion-related adverse effects. 51 Serious adverse events associated with rituximab have been reported, including those that may result in patient mortality. These include severe mucocutaneous reactions; hepatitis B reactivation with fulminant hepatitis; progressive, multifocal leukoencephalopathy; other viral and opportunistic infections; cardiac arrhythmias; renal toxicity; bowel obstruction and perforation; and hematologic disturbances, such as lymphopenia, neutropenia, and anemia. Although uncommon, some of these serious adverse reactions have also been described in patients with PV. 30 Rituximab is contraindicated in pregnant or breastfeeding women and in individuals with hepatitis B or C, HIV, or sepsis. 51, 53, 54 The incidence of serious infection was 3.9% in the weekly treatment protocol, but 15.21% in the biweekly protocol. 55 Life-threatening adverse effects were noted as preferentially affecting individuals with underlying malignancy, in children or those older than 60 years, and in patients who had been on high-dose immunosuppressive regimens preceding (rather than concomitant) the treatment with rituximab. 30, 53 Overall, the prevalence of serious adverse events among patients with autoimmune bullous disease under rituximab seems to be higher than the prevalence observed in patients with systemic lupus erythematosus, dermatomyositis, and rheumatoid arthritis who were treated with the same agent. 30, 56 Level of evidence When used as adjuvant therapy in non-randomized studies, rituximab led to complete remission in most of the patients with refractory PV and PF. [57] [58] [59] [60] The efficacy of rituximab in pemphigus was estimated only in one recent RCT. This prospective, multicenter, parallel-group, open-label RCT aimed to compare first-line rituximab combined with short-term prednisone (tapered over 3 or 6 months) versus prednisone alone (tapered over 12 or 18 months) in the treatment of pemphigus. The study demonstrated that adjuvant therapy with rituximab in combination with short-term prednisone (0.5-1.0 mg/kg/day) led to a greater proportion of patients achieving complete remission off-therapy, as compared with patients treated with prednisone (1.0-1.5 mg/kg/day) alone. 52 In addition, more severe adverse events (grades 3-4) were reported in the prednisone-alone group than in the rituximab plus prednisone group, with diabetes and endocrine disorders being the most common of these events in both groups. 52 Based on this landmark study, the United States Food and Drug Administration (FDA) granted a Breakthrough Therapy Designation to rituximab in PV. In 2015, the FDA granted Orphan Drug Designation to rituximab for the treatment of PV.
A notable phase III, randomized, double-blind, doubledummy, active-comparator, parallel-arm multicenter RCT (PEMPHIX study) is currently ongoing to evaluate the efficacy and safety of rituximab, compared with MMF, in patients with moderate to severe active PV requiring 60-120 mg/day oral prednisolone or equivalent. 61 Another double-blind, parallel-group RCT is being conducted in India to compare the efficacy of rituximab versus rituximab plus intravenous cyclophosphamide pulse therapy.
62
A meta-analysis on treatment with rituximab in severe pemphigus reviewed a total of 136 patients, including 103 patients with PV. This study found that approximately 95% of these patients experienced at least partial remission (defined as healing of at least 50% of lesions) following rituximab therapy, with 40% of them achieving complete remission (defined as clinical remission with no further therapy required). Clinical remission (defined as healing of all lesions with further immunosuppression required) occurred in 37% of the PV patients. Only 12% of the total patients experienced relapse, and 3% had worsening disease following rituximab. 63 
Advantages and disadvantages
As PV is a B-cell-mediated disease, rituximab's main advantages are its high efficacy and specificity for B cells. 64 Its main disadvantage is its potentially serious adverse events, mostly infection-related.
Cyclophosphamide Mechanism of action
Cyclophosphamide is a synthetic alkylating agent with antineoplastic and immunosuppressive effects. In the liver, cyclophosphamide is converted to the active metabolites phosphoramide mustard and aldophosphamide, which bind to DNA and inhibit DNA replication and induce cell death, predominantly in rapidly dividing cells. This immunosuppressive agent is useful for the blockade of 
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Treatment options in pemphigus vulgaris aberrant immune responses due to its inhibitory effects on proliferation, cytokine production, and lymphocyte-induced inflammation.
29,65
Recommendation in Pv
According to the EDF guidelines, cyclophosphamide is considered a second-line immunosuppressive adjuvant agent, 2 whereas the BAD guidelines consider cyclophosphamide as a third-line therapy. 8 The recommended oral dose is 2 mg/kg/day. 35 Pulse intravenous cyclophosphamide has been tried as an alternative therapy, but failed to achieve therapeutic effect. 66, 67 Due to its unfavorable safety profile and associated serious adverse events, use of this agent is limited and is not recommended when patients respond to alternate adjuvants. Cyclophosphamide is rarely employed in most centers and is restricted to unresponsive or recalcitrant cases. 51 
Adverse events
Cyclophosphamide is characterized by a poor safety profile with frequent and substantial adverse effects, including chemotherapy-induced nausea and vomiting, diarrhea, lethargy, darkening of the skin/nails, alopecia, and changes in color and texture of the hair. Cyclophosphamide suppresses the production of blood cells from the bone marrow, causing leukopenia, anemia, and thrombocytopenia, and accounts for hemorrhagic cystitis, which can be prevented by adequate fluid intake and sodium 2-mercaptoethane sulfonate.
Cyclophosphamide may be carcinogenic, potentially leading to transitional cell carcinoma of the bladder as a long-term and dose-dependent complication. 31 Moreover, it was causatively implicated in temporary or, rarely, permanent gonadal disturbances, including amenorrhea, azoospermia, and infertility. These are dose dependent, may be irreversible, and can occur after administration of as little as 6 g cyclophosphamide. Cyclophosphamide is a Pregnancy Category D drug that can lead to agenesis of the fingers and toes and an underdeveloped heart; thus, it must be avoided during pregnancy. 40 Further, the drug is excreted in breast milk and could cause serious complications in the breastfed infant.
30,31
Level of evidence
Adjuvant cyclophosphamide versus corticosteroid monotherapy was evaluated in three RCTs. A study involving 28 participants by Chrysomallis et al 68 compared adjuvant oral cyclophosphamide (100 mg daily) with prednisolone alone as well as with adjuvant cyclosporine (5 mg/kg/day). Although they observed no difference in efficacy between treatments, the incidence of complications was higher with the combination treatment.
Adjuvant intravenous cyclophosphamide pulse therapy (15 mg/kg monthly) versus prednisolone alone was evaluated in an RCT involving 60 participants. No conclusive difference was noted between the two arms in remission and relapse rates, cumulative steroid doses, and adverse events. 69 Of interest is the relatively acceptable safety profile of pulse therapy in this study.
Chams-Davatchi et al 27 compared adjuvant cyclophosphamide pulse therapy (1 g monthly for 6 months, then 1 g every 2 months) with prednisolone alone as well as with adjuvant azathioprine and MMF. The study found the effect of cyclophosphamide pulse therapy to be inconclusive when compared with prednisolone alone as well as with adjuvant azathioprine and MMF in terms of the efficacy and steroidsparing effect.
No significant difference was found between a pulse cyclophosphamide treatment protocol (500 mg intravenous cyclophosphamide in combination with 100 mg intravenous dexamethasone for three consecutive days) and the administration of oral methylprednisolone (initially 2 mg/kg/day) combined with oral azathioprine (2-2.5 mg/kg/day) in a multicenter prospective RCT with 22 patients with pemphigus (16 of which had PV). 67 Dexamethasone-cyclophosphamide pulse therapy was evaluated in two RCTs from India. The first study allocated its 28 PV patients to two treatment arms. The first arm received intravenous dexamethasone 100 mg for three consecutive days each month, intravenous cyclophosphamide 500 mg monthly, and oral cyclophosphamide 50 mg daily. The second arm was treated with cyclophosphamide pulse therapy (15 mg/kg monthly) and prednisolone combination therapy. The first arm experienced a shorter time to reach a cutaneous, but not mucosal, response. The second arm achieved remission sooner, but experienced significantly more frequent steroid-related side effects. 70 Another study of 19 PV patients compared two treatment regimens, with patients receiving either oral cyclophosphamide alone (50 mg daily) or a combination of intravenous dexamethasone 100 mg on three consecutive days monthly with intravenous cyclophosphamide 500 mg monthly as well as oral cyclophosphamide 50 mg daily on days between the pulses. No significant difference was seen between the two arms in regard to the relapse rate, Dsg1 and Dsg3 antibodies titers, and direct immunofluorescence grading. Overall, current studies support the use of cyclophosphamide for refractory pemphigus rather than as a first-line adjuvant. 11 
Advantages and disadvantages
The main advantage of cyclophosphamide is its potential steroid-sparing effect when azathioprine or MMF has failed. However, its main disadvantage is its severe adverse events profile, which includes infertility, cancer, sepsis, and lymphopenia.
intravenous immunoglobulin Mechanism of action
IVIg is an immunomodulating agent that has multiple activities. It is obtained from sterile, purified IgG products manufactured from pooled human plasma and typically contains more than 95% unmodified IgG, which has intact Fc-dependent effector functions and only trace amounts of IgA or IgM. 51 Its mechanism of action is complex and targets various components of the innate and acquired immune system. The beneficial effect of IVIg may be achieved by one of the following pathways that are proposed to act synergistically to affect the disease pathogenesis: reduction of the titers of pathogenic autoantibodies; modulation of complement activation; saturation and blockade of Fc receptors (the Fc region of IgG facilitates interaction with and signaling through Fc receptors on B cells and phagocytes); suppression of various inflammatory mediators, including cytokines, chemokines, and metalloproteinases; suppression of activation, differentiation, and effector functions of dendritic, B, and Th-1 cells; and increasing the sensitivity to corticosteroids. 72, 73 In PV, it was found that IVIg selectively inhibits Dsg3 antibodies, decreases the number of circulating autoantibodies, and reduces blister formation in mice.
73-76
Recommendation in Pv
Since 1989, IVIg has been used as a component of adjuvant therapy for severe pemphigus. 51 IVIg is usually administered in recalcitrant disease or in case of contraindications to immunosuppressive adjuvants, and is recommended as a second-line adjuvant by the EDF guidelines 2 and as a third-line therapy by the BAD guidelines. 8 Although diverse opinions exist in regard to the optimal dose, the conventional dose is 2 g/kg/cycle administered intravenously over two to five consecutive days per month. 2 This therapy may need to be repeated monthly in recalcitrant cases. 30, 77 IVIg could be used as an adjuvant therapy to systemic corticosteroids and immunosuppressive adjuvants in recalcitrant cases. 78 Following infusion, the half-life of this agent is 2-3 weeks. The average rate of clearance of pemphigus antibodies ranges between 30% and 70% at 1 week following administration. 73, 79, 80 The rate of infusion is started slowly and gradually increased as tolerated, usually over 4-4.5 hours. 30, 74 During the infusion, vital signs should be monitored. Before administration, routine hematologic and biochemical investigations should be conducted. These include a complete blood count, renal and liver function tests, and levels of electrolytes, rheumatoid factor, serum cryoglobulin, and IgA. 74 
Adverse events
Patients treated with IVIg are not at high risk of infection or reactivation of chronic infections, as compared to those under conventional immunosuppressants. Conversely, it is being increasingly used for the treatment of certain bacterial or viral infectious diseases. 81 The lack of immunosuppressive effect is considered a prominent advantage. 35 Moreover, IVIg was recommended as the safest adjuvant treatment for pemphigus in pregnant women. 40 Usually, IVIg-associated adverse reactions are mild and self-limiting. The incidence of adverse effects in patients treated for autoimmune diseases is usually ,1%. 30 Reactions such as headache, back pain, chills, flushing, fever, hypertension, myalgia, nausea, and vomiting seem to be related more to the infusion rate rather than to the dose. Erythema, pain, phlebitis, and eczematous plaques may occur at the infusion site. However, some rare serious adverse events were reported to coexist with IVIg in patients with PV, most prominently aseptic meningitis (particularly in patients who commonly experience episodes of migraine) and thrombotic complications (particularly in high infusion rates and high doses). 82, 83 Furthermore, other possible late adverse events were reported in association with IVIg, including acute renal failure, neutropenia, autoimmune hemolytic anemia, skin reactions, and arthritis. 84 Anaphylactic reactions can arise in individuals with IgA deficiency. 30 It is believed that the risk of complications, particularly in patients with underlying risk factors, can be alleviated via employment of thromboprophylaxis, slow infusion rates, hydration, and widening of the interval between IVIg cycles.
35,85
Level of evidence 
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IVIg 200 mg/kg/day, a second group of 20 patients received IVIg 400 mg/kg/day, and a third group of 21 patients received placebo infusion. All interventions were administered over five consecutive days. The time until requirement of additional treatment (time to escape from the protocol) was significantly longer in the group treated with 400 mg/kg/day as compared with the placebo group. In addition, the activity scores of the disease were significantly decreased in both IVIg treatment groups. 79 In addition, the beneficial effect of IVIg was shown in a randomized, placebo-controlled, crossover trial conducted in a single patient with severe PV, comprising two phases of six consecutive months of treatment with either IVIg or placebo infusion. When the patient was on IVIg, the mean daily prednisolone dose was significantly lower, as were the mean daily disease severity and monthly Dsg3 and Dsg1 levels (as measured by ELISA). 78 
Advantages and disadvantages
The main advantage of IVIg is its excellent safety profile, with adverse events being usually mild, such as headaches, flushing, or hypotension. Another advantage is its ease of delivery, requiring only a single cycle for a few days per month. Its main disadvantages include its high cost and poor availability.
Plasmapheresis Mechanism of action
Plasmapheresis is an extracorporeal blood purification procedure in which plasma proteins are non-selectively removed from the circulation. 35 In this procedure, the blood is continuously removed from the patient and separated into cellular components and plasma. The cellular compartments are then returned to the patient whereas the plasma is replaced with another fluid -often, albumin or freshfrozen plasma. 10 The benefit of removing plasma is the elimination of pathogenic autoantibodies from the circulation. The rationale behind plasmapheresis is based on the correlation observed between the titers of circulating anti-Dsg3 autoantibodies and disease activity. 86 However, removal of the autoantibodies does not cease their production; conversely, pathogenic B lymphocytes increase the production of autoantibodies in the first 2 weeks following plasmapheresis to compensate for the initial reduction. Consequently, circulating levels of autoantibodies can be as high as or even higher than before the procedure. 51 This rebound increase in antibody level can be inhibited by administering immunosuppressive agents prior to plasmapheresis. 86, 87 Despite this rebound effect, plasmapheresis results in lower long-term pemphigus antibody levels as compared to other therapies. 88 
Recommendations in Pv
Plasmapheresis is a useful adjuvant therapy for quickly reducing the titers of circulating autoantibodies. This procedure should be considered for rapid control of severe pemphigus unresponsive to a combination of prednisone and immunosuppressive agents. 77 No standardized protocol for the number and frequency of sessions of plasmapheresis exists; however, four or five plasma exchanges -each consisting of 1-1.5 plasma volumes over a period of 7-10 days -represent an adequate short-term treatment to remove 90% of the total initial body immunoglobulin burden. 10, 89 Other experts recommend 1-2 sessions per week. 77 Plasmapheresis can be undertaken by using the conventional centrifugation device utilized in blood banks. Recently, the use of double-filtration plasmapheresis is increasing due to its higher safety profile. 90 In double-filtration plasmapheresis, immunoglobulins are removed more selectively, and the loss of albumin is minimized. 10 Concomitant immunosuppression with corticosteroids and cyclophosphamide prevents a post-plasmapheresis rebound increase in the production of autoantibodies. 77 
Adverse events
The safety profile of plasmapheresis is relatively high. The risk of associated infection is mainly attributed to the concomitant steroids and immunosuppressives. 10 Other minor and transient adverse effects of plasma exchange that have been reported include thrombocytopenia, hypogammaglobulinemia, fluid overload leading to hypertension and pulmonary edema in patients with underlying congestive heart failure, hypoproteinemia, anemia, leukopenia, and hypocalcemia. 91 The rapid fluid shift that occurs due to the removal of proteins (and in which osmotic pressure is maintained) can lead to disturbance of homeostasis and severe problems in patients with compromised cardiac function.
10,51
Level of evidence
Small trials have demonstrated the effectiveness of plasmapheresis in inducing partial or complete remission; 86, 88, 92 however, a multicenter RCT with 40 participants suggested that plasma exchange with low-dose steroids is ineffective as a therapy for pemphigus. 93 In this study, the clinical outcomes of 18 patients treated with prednisolone (0.5 mg/kg/day) alone were compared with those of 22 patients who underwent 10 plasmapheresis procedures within 4 weeks in combination with the same prednisolone protocol. No difference was 
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Kridin seen between the two groups in regard to the control rate, serum titers of autoantibodies, or cumulative prednisolone doses. Moreover, four deaths due to sepsis were recorded in the plasmapheresis arm. 93 immunoadsorption
Mechanism of actions
Immunoadsorption -also known as immunoapheresis -is another extracorporeal blood purification procedure that leads to the rapid removal of circulating autoantibodies against Dsg1 and Dsg3. Whereas plasmapheresis inadvertently removes clotting factors, albumin, and hormones that need to be replaced, immunoadsorption is more specific -only IgGs and immune complexes are attracted to the adsorber and removed from the circulation. 35, 51 Thus, immunoadsorption is more efficient and safe, relative to plasmapheresis. 94 It was claimed that IgG concentration against Dsg1 and Dsg3 could be reduced by 75%, following a single immunoadsorption, and by 95%, following three immunoadsorptions on three consecutive days. 95 
Recommendations in Pv
Immunoadsorption is recommended as a second-line adjuvant agent by the EDF guidelines 2 and as a third-line therapy by the BAD guidelines. 8 It is indicated in patients with recalcitrant PV who have not sufficiently responded to first-line treatment -that is, corticosteroids in combination with azathioprine or mycophenolate. 2 The recommended schedule is four treatments of immunoadsorption on four consecutive days (2.5-fold plasma volume per day), repeated after 4 weeks, if needed. 2 Treatment could be undertaken in combination with immunosuppressive agents, such as rituximab and cyclophosphamide. 96, 97 The efficacy of immunoadsorption is increased substantially in combination with systemic immunosuppressive drugs. 2 Immunoadsorption is superior to plasmapheresis in terms of efficacy and safety; however, the high cost of the adsorbers is the chief limiting factor. Unlike plasmapheresis, substitution of plasma components such as fresh-frozen plasma or human albumin is not required.
Adverse events
Usually, immunoadsorption is highly tolerable. However, limited adverse effects, including hypotension, anaphylaxis, bradycardia, infarction, deep venous thrombosis, and herpes zoster infection, were reported. 35 Contraindications include severe systemic infections, cardiovascular diseases, treatment with angiotensin-converting enzyme inhibitors, hypersensitivity against components of the immunoadsorption column, and hemorrhagic diathesis.
2,10
Level of evidence
Immunoadsorption has been successfully used, leading to noticeable improvement within weeks in individual patients with refractory PV. 98, 99 However, the exact efficacy of this procedure is difficult to estimate because this treatment is most often used with concomitant immunosuppressants, IVIg, or rituximab in recalcitrant cases. 51, 100, 101 RCTs to evaluate this intervention in PV are yet to be conducted.
A review by Schmidt and Zillikens 102 evaluated 40 cases of PV treated by immunoadsorption. The review revealed that immunoadsorption induced complete remission and clinical remission in approximately 20% and 50% of patients, respectively. Due to the limited amount of evidence, the effect of immunoadsorption in PV remains inconclusive. An RCT on immunoadsorption for pemphigus has been listed in the US National Institutes of Health ongoing trials register. 103 
Advantages and disadvantages
The main advantage of immunoadsorption is its presumed rapid efficacy and favorable safety profile. Its main disadvantage is its poor availability and high cost.
Dapsone Mechanism of action
Dapsone is a drug that has both antimicrobial/antiprotozoal properties and anti-inflammatory effects. Additionally, dapsone seems to be capable of suppressing tumor necrosis factor (TNF)-α and IL-8 at the level of mRNA, and at higher concentrations, may inhibit B-cell proliferation. 37 
Recommendation in Pv
Dapsone is recommended in combination with systemic corticosteroids at a dose of 100 mg/day (or #1.5 mg/kg/day) as a second-line steroid-sparing agent. 2 Prior to the initiation of treatment, serum glucose-6-phosphate dehydrogenase (G6PD) activity should be tested.
Dapsone appears to benefit some PV patients in the maintenance phase of their disease; however, as there is a lack of evidence in regard to the use of dapsone in PV, it is difficult to evaluate its utility. 51 
Level of evidence
The efficacy of dapsone as a corticosteroid-sparing agent in the maintenance phase of PV has been evaluated in 1 RCT. In this study, 19 patients with pemphigus in whom tapering 
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Treatment options in pemphigus vulgaris of the corticosteroid dose to ,15 mg/day had failed at least twice when using a standard regimen were randomized to either dapsone or placebo. The ability of these patients to adjust to tapering of corticosteroids to #7.5 mg/day was used as the primary endpoint. This outcome measure favored the dapsone-treated arm, but was not statistically significant. 104 A meta-analysis study that compiled clinical data from 55 pemphigus patients found that 34 PV and 12 PF patients responded to dapsone. In this study, hemolysis was the most common adverse reaction. 105 
Advantages and disadvantages
The main advantage of dapsone is its relatively superior safety profile. Its disadvantages include the lack of evidence in regard to its efficacy and the increased risk of hematologic side effects, such as hemolytic anemia. This requires ongoing monitoring, especially in elderly patients.
Methotrexate Mechanism of action
Methotrexate is an antimetabolite drug originally synthesized for the treatment of leukemia. It inhibits dihydrofolate reductase, which results in decreased methionine, purine, and thymidylate synthesis and, thus, decreased DNA synthesis. 35 Because of its ability to suppress cell-mediated and humoral immune responses, its utilization has been extended to several autoimmune diseases, including rheumatoid arthritis. 106 
Recommendation in Pv
Methotrexate at a dosage of 10-20 mg/week is currently under consideration as a second-line steroid-sparing option in PV according to the EDF guidelines. 2 
Adverse events
Despite concerns about the adverse effects of methotrexate, doses up to 25 mg/week are relatively safe, whereas higher doses may be associated with unwanted effects. The main adverse events reported among pemphigus patients undergoing treatment with methotrexate are nausea and infection, including pneumonia and reactivation of tuberculosis. 51 
Level of evidence
There is a scarcity of literature assessing the efficacy of methotrexate in PV treatment. Prospective RCTs evaluating the role of methotrexate in PV have not been conducted yet. A recent retrospective single-center study reported that 21 out of 25 patients were able to taper corticosteroids following 6 months of adjuvant treatment with 15 mg methotrexate per week. 107 Another retrospective single-center study showed that 16 of 23 PV patients on methotrexate were eventually weaned completely off prednisone, with a mean time to discontinuation of 18 months. 108 
Disadvantages
There is a very poor level of evidence suggesting its use in PV.
Cyclosporine Mechanism of action
Cyclosporine is a potent immunosuppressant that can effectively suppress immune responses through inhibition of the phosphatase activity of calcineurin. This leads to the downregulation of several transcription factors, especially the nuclear factor of activated T lymphocytes. Moreover, it reduces matrix metalloproteinase-9 expression and blocks both c-Jun N-terminal kinase (JNK) and the p38 signaling pathways. 109, 110 Therefore, cyclosporine could reversibly suppress both humoral and cellular immunity.
Recommendation in Pv
Cyclosporine treatment of 3-5 mg/kg/day is infrequently added to systemic corticosteroids as second-line adjuvant therapy in PV. 31 Current data are insufficient to support cyclosporine use in PV, and it is not recommended by the EDF or BAD guidelines. 30 
Adverse events
The main adverse reactions to cyclosporine therapy are renal dysfunction, hypertension, tremor, hirsutism, and gingival hyperplasia. Low serum magnesium has been reported in some, but not all, patients exhibiting convulsions under cyclosporine therapy. It is probable that adverse events are more frequent in the setting of combined corticosteroid and cyclosporine therapy. 51 However, it is considered the relatively safest immunosuppressive drug in pregnancy (FDA Pregnancy Category C) for the treatment of PV.
30,31
Level of evidence
The evaluation of cyclosporine in two RCTs failed to demonstrate any advantage of cyclosporine in PV. Moreover, greater adverse events and toxicity were detected in the cyclosporine treatment arm. 68, 111 In their study on 28 patients with PV, Chrysomallis et al compared treatments between three groups: one group received corticosteroid monotherapy as 40 mg/day of prednisone equivalent, whereas the other 
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Kridin two groups received 40 mg/day corticosteroids combined with either 100 mg oral cyclophosphamide administered daily or 5 mg/kg/day cyclosporine. This study reported an inconclusive effect of cyclosporine in all outcome measures, and that the toxicities were encountered more frequently in combination treatment. 68 Ioannides et al conducted another RCT involving 33 pemphigus patients (29 with PV) in which prednisolone (1 mg/kg/day) alone was compared with a combined regimen of prednisolone (1 mg/kg/day) and oral cyclosporine (5 mg/kg/day). This study showed no advantage of this adjuvant drug over treatment with corticosteroids alone. 111 
Disadvantages
There is a very poor level of evidence suggesting its use in PV. Table 2 summarizes RCTs evaluating different interventions in patients with pemphigus.
Potential future treatments Chimeric antigen receptor therapy
Dsg-specific immune suppression by specifically targeting B and T cells involved in the production of pathogenic pemphigus autoantibodies is under development. Recently, for example, the possibility of using modified chimeric antigen receptor (CAR) therapy to target Dsg3-specific B cells was proposed; human T cells were engineered to express a chimeric autoantibody receptor (CAAR) consisting of Dsg3. In the murine model, Dsg3 CAAR-T cells exhibit specific cytotoxicity against B cells bearing anti-Dsg3 B-cell receptors in vitro and specifically eliminate Dsg3-specific B cells in vivo. This strategy would directly eliminate anti-Dsg3 memory B cells and indirectly eliminate Dsg3-specific short-lived plasma cells that produce disease-causing antibodies. CAAR-T cells may provide an effective strategy for specific targeting of autoreactive B cells in PV without inducing general immunosuppression. 112 This approach can be considered a therapeutic strategy in patients carrying autoantibodies directed against Dsg3 and other well-defined target antigens such as Dsg1. However, its usefulness needs to be assessed in human disease where additional target antigens may be present. This innovative approach would represent an ideal therapeutic strategy because the target antigens and pathophysiological mechanisms of pemphigus have been well characterized.
T-cell immunotherapy
It is known that T-cell activation is necessary for the initiation and coordination of the autoantibody response in PV. 113, 114 It is conceivable to attenuate T-cell function at several points by utilizing monoclonal antibodies to block specific accessory co-receptors, co-stimulatory molecules, or cytokines.
Antigen-specific T and B cells must interact via the molecules CD154 and CD40, respectively, in order to produce autoantibodies. Blocking CD154 with the use of an anti-CD154 monoclonal antibody in a mouse model prevented the production of anti-Dsg3 IgG and the subsequent development of the PV phenotype. 115 In other mouse models, the transfer of Dsg3-specific CD4 + T cells can induce a PV phenotype, with IL-4 production playing a critical role in this process. 116 Altered peptide ligands (APLs) may be utilized in an immune-based treatment strategy targeting the T-cell level. APLs are peptide analogs with one or more amino acid substitutions at major TCR contact residues. APLs could be engineered to prevent the interaction between autoreactive T cells and autoantigen peptides that present on disease-associated HLA class II molecules and, thus, prevent the start of the autoimmune process. Instead, APLs could lead to the induction of 
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Treatment options in pemphigus vulgaris an incomplete response by antigen-specific T cells, resulting in T-cell functional tolerance. A phase I clinical trial in PV patients studied the effects of systemic PI-0824 -a Dsg3 peptide found to be immunodominant in a small subset of patients. The aim of this therapeutic strategy is to induce T-cell tolerance and abrogate the source of T-cell help required for the production of autoantibodies directed against Dsg3. Neither a significant change in anti-Dsg3 antibodies nor a clinical response following the intravenous administration of Dsg3 peptides was observed in this study. 117 
BAFF and APRiL inhibitors
B-cell activating factor (BAFF) is a member of the TNF superfamily of cytokines and is a critical activator of B-cell development and differentiation. 118 A proliferation-inducing ligand (APRIL) -another TNF superfamily ligand -is also involved in B-cell development. 119 It was demonstrated that BAFF and APRIL lead to the promotion of Ig switching to the IgG, IgE, and IgA subclasses. 120, 121 Contrasting with the significant correlation between BAFF levels and the activity of some autoimmune diseases, namely systemic lupus erythematosus and rheumatoid arthritis, 122 serum levels of BAFF and APRIL were not found to be elevated in patients with PV. 123 Furthermore, rituximab use in PV patients was found to lead to a significant elevation of serum BAFF levels but to a decrease in anti-Dsg1 and anti-Dsg3 autoantibody titers. 124 In the same study, an inverse relationship between BAFF levels and peripheral CD19
+ levels in PV patients treated with rituximab was observed. Although BAFF and APRIL were not established as dominant players in the immunopathogenesis of PV, further studies are warranted to clarify their role in this disease. Clearly, an improved mechanistic understanding of the role of BAFF in PV pathogenesis is necessary before inhibitors of this factor, such as belimumab, can be considered for the treatment of PV. 125 There may be promise in studying the therapeutic efficacy of targeting other B-cell surface molecules besides CD20, such as CD19 and CD22; however, research in this area remains limited.
125
P38MAPK signaling pathway inhibitor
IgG-induced phosphorylation has been demonstrated to activate p38 mitogen-activated protein kinase (p38MAPK) and heat shock protein (HSP) 27, which causes downstream remodeling of the actin cytoskeleton and retraction of keratin and contributes to the loss of cell-cell adhesion. This signaling pathway is initiated following the binding of IgG autoantibody to keratinocytes and may be involved in the induction of acantholysis. 126 Experiments utilizing human cultured keratinocytes have suggested that inhibition of p38MAPK prevents the phosphorylation of HSP27 and, thus, also prevents early cytoskeletal changes. 126 This hypothesis was strengthened when SB202190 -an inhibitor of p38MAPK -was shown to prevent blister formation by inhibiting IgG-activated signaling in a mouse model of PV. 127 Moreover, enhancement of anti-Dsg1 IgG antibodies and blister formation in PF in a p38MAPK-dependent mechanism could lend weight to the role of p38MAP in blister formation in pemphigus. 128 However, although inhibition of the p38MAPK signaling pathway protects against blistering in PV, Mao et al 129 showed that blistering can also occur in mice lacking the major p38MAPK isoform. Therefore, it was concluded that p38MAPK is not essential for the loss of intercellular adhesion in PV, but may function downstream to augment blistering.
Studies examining p38MAPK inhibitors in animal models revealed severe adverse effects (mainly hepatotoxicity, undefined gastrointestinal toxicity, and an unusual inflammatory response in the central nervous system). 130 To date, there has been only one clinical trial conducted to assess the use of oral p38MAPK inhibitors in the prevention and healing of blisters in PV patients. The trial was terminated early (due to high hepatotoxicity) without providing any conclusions on the efficacy of this agent. 125 Although this specific inhibitor was not associated with favorable clinical outcomes, P38MAPK remains a viable target for potential treatment options.
Other signaling pathways inhibitors
Elevation of cAMP levels has been shown experimentally to interfere with signaling pathways and prevent blister formation in both in vitro and in vivo mouse models. 131 Elevated cAMP is thought to interfere with the previously described p38MAPK activation pathway and, thus, results in blockade of the loss of intercellular adhesion, depletion of cellular Dsg3, and induction of morphologic changes by antibodies of PV patients in cultured keratinocytes. 131 It is well-established that β-adrenergic receptor agonists increase cAMP levels. 131, 132 Because keratinocytes predominantly express β 2 receptors, the use of specific β 2 agonists could theoretically be utilized therapeutically to increase cAMP levels; 125 moreover, c-Myc and epidermal growth factor receptor signaling were shown as other pathways with possible involvement in the pathogenesis of PV. 133, 134 These may be attractive therapeutic targets in the future. 35 Bruton's tyrosine kinase inhibitor 
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Kridin inflammation and autoimmunity. These include modulation of B-cell receptor-mediated B-cell pathways, as well as inhibition of FcR-induced cytokine release from monocytes and macrophages and FcεR-induced mast cell degranulation and granulocyte migration as well as mediator release. 135 Mutations in the gene encoding BTK result in X-linked agammaglobulinemia type 1, which represents an immunodeficiency associated with failure to produce mature B lymphocytes, and is characterized by a failure of Ig heavy chain rearrangement. 136 Preliminary results of a phase II open-label cohort study examining reversible covalent BTK inhibitor PRN1008 in adult patients with PV showed promising efficacy and steroidsparing effect. 137 It is noteworthy that the reversible, covalent, oral, small-molecule BTK inhibitor PRN473 demonstrated good response in canine PF. 135 Recently, PRN1008 has been granted Orphan Drug Designation by the United States FDA for the treatment of patients with PV.
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